Objectives: Intravesical Bacillus Calmette-Guérin (BCG) treatment for superficial bladder cancer is interrupted in approximatively 8% of cases as a result of complications. The objective is to report the severe related complications of Bacillus Calmette-Guérin (BCG) following an intravesical instillation for bladder tumor encountered at our institution for the past 5 years. Methods: Medical records of a tertiary teaching hospital, located in Beirut, Lebanon, were retrospectively analyzed from June 2014 to June 2019 searching for severe related complications of BCG. A comprehensive review of articles on this subject was conducted. Results: The incidence of severe systemic adverse events related to BCG instillation was 1.5% (5 out of 332 patients). A total of five patients were found to have a severe BCG related complication, with fever, chills, and irritative urinary signs being the most frequent symptoms. All patients received antituberculosis therapy (Isoniazid, Rifampin and Ethambutol). Two were put on add-on corticosteroids. Three patients had a computed tomography scan image in favor of an infection. Two patients had a favorable outcome, three patients died. Conclusion: BCG severe adverse events were mostly seen in patients with a traumatic instillation. Treatment used at our institution was similar to most cases reported in the literature. A standardized diagnostic and treatment approach should be implemented to help physicians tackle these life-threatening complications.
Background
Ranked ninth most commonly diagnosed cancer and thirteenth leading cause of cancer deaths worldwide, bladder tumors caused 165,000 deaths worldwide in 2012 [1] . After transurethral resection, 61% of non-muscle invasive bladder tumors (NMIBT) recur [2] . This high percentage requires an adjuvant treatment [2] . In 1990, the US Food and Drug Administration approved the use of intravesical bacillus Calmette-Guérin (BCG) for the treatment of superficial bladder cancer as an adjuvant therapy [3] . BCG is a live, attenuated strain of Mycobacterium bovis (M. bovis) [3] . The meta-analyses of randomized trials have proved the efficacy of intravesical BCG treatment to reduce local recurrences and the risk of progression to muscle after trans-urethral resection [4, 5] . The precise mechanism by which BCG acts is unknown, but a local granulomatous inflammatory reaction, partly due to a Tcell-mediated immunity response, is thought to play a role [6] .
However, this treatment is interrupted in approximatively 8% of cases as a result of complications. These complications, that may arise, can appear either in conjunction or months after BCG instillation [7] . The most frequent local side effects are chemical cystitis, bacterial cystitis, urinary frequency, macroscopic hematuria, urinary incontinence. The most frequent systemic side effects are general malaise and fever. Sepsis rarely occurs [8] . Due to the wide range of presentations and potential severity, these complications pose a challenge for the clinician.
In the present study, we aimed at analyzing patients who underwent intravesical BCG instillation for a NMIBT at our institution during a 5-year period. Our goal was to determine the incidence, presentation, risk factors, diagnosis, treatment and outcome of BCG's severe complications after receiving intravesical treatment. A brief review is also presented, with focus on risk factors, means of prevention, and therapeutic approach.
Methods
This study was performed at a university hospital in Beirut, Lebanon. We retrospectively assessed our electronic medical records for the past 5 years (June 2014 to June 2019) searching for "BCgite" and "bécégite" with the following the international classification of diseases and related health problems (ICD)-10 in the medical record: T806 associated to Y580. We identified a total of five cases who received intravesical BCG instillations (BCG-medac imported from Germany, BCG bacteria seed RIVM derived from seed 1173-P2 2 × 10 8 to 3 × 10 9 viable units, 50 ml) as adjunctive treatment of superficial bladder cancer throughout this period and who developed a confirmed severe BCG related complication. The intravesical BCG protocol used at our hospital follows the one stated in the "Society for Immunotherapy of Cancer consensus statement on immunotherapy for the treatment of bladder carcinoma" [9] . The following variables were retrospectively assessed by medical record review using a standardized data collection form: sex, age, the pathologic TNM staging of bladder cancer at diagnosis, overall number of BCG instillations, time interval between the last BCG instillation and the diagnosis of the complication, symptoms and type of infection, histologic and microbiologic findings, treatment and outcome. A BCG infection was defined, after reviewing several articles [10] [11] [12] , as the presence of:
-Clinical symptoms consistent with active tuberculosis infection (fever of 39°C or more for at least 48 h, night sweats, chills) or infection of a specific organ (hepatitis, pneumonitis, osteomyelitis, arthritis...), following at least one instillation of intravesical BCG, in the absence of a well confirmed alternative diagnosis And A newly positive tuberculin skin testing (TST) read after 72 h (with minimum induration of 10 mm in diameter) without a history of BCG vaccination or positive TST, and/or a microbiologic evidence of infection (positivity for Mycobacterium tuberculosis complex by culture or by polymerase chain reaction [PCR] assay) and/or a histopathologic evidence of mycobacterial infection (inflammation with caseating granulomas in biopsy specimens). A severe BCG related complication was defined as systemic symptoms (fever and chills) severe enough to discontinue BCG immunotherapy and requiring prompt antituberculosis treatment.
Authorization by the ethical committee of the Saint-Joseph University, Beirut, Lebanon for data processing and publication was obtained. A written informed consent was obtained from the patient or the next of kin for publication of this article.
Results
The total number of patients receiving BCG instillations during that period (June 2014 to June 2019) in our tertiary teaching hospital was 332. The incidence of severe systemic adverse events related to BCG instillation was around 1.5% (5 out of 332 patients).
In the following section, and after de-identification of specific patients' information, the cases encountered at our institution are presented (details in Table 1) :
Patient 1 was a 72-year-old man, known to have a high-grade papillary carcinoma pT1pNxpMx. He already received 4 intravesical BCG instillations. He was complaining of fever, dysuria and urinary frequency 4 weeks after starting his weekly intravesical BCG treatment. His urine culture was negative (no mycobacterial culture was done). Chest and abdominal CT scan did not show any abnormality. He was started on Rifampin 600mg per day Ethambutol 400mg every 8 h and Isoniazid 300 mg per day soon after having a newly positive TST (25 mm of induration). He never received a BCG vaccine nor had a history of positive TST. The patient received 2 months of antibiotics resulting in the resolution of symptoms.
Patient 2, a 69-year-old man, was known to have an invasive papillary carcinoma pT2apNxpMx. He was treated with BCG instillations. He presented with fever, dysuria and urinary frequency 7 months after his first dose of intravesical BCG. He received his 10 th BCG instillation one week before the symptoms' started. Urine culture and TST came negative. Liver enzymes were normal, and no pulmonary involvement was identified on the chest CT scan. Bladder histology showed granulomatous inflammation. The patient received Rifampin 600mg per day, Ethambutol 400mg every 8 h and Isoniazid 300mg per day. He was put on methylprednisolone 40mg q24h for one week then he was discharged on prednisone tapering dose. The patient died after 4 months due to progression of his cancer. Patient 3, an 84-year-old man, had a high-grade papillary carcinoma pT1pNxpMx. He developed chills and obstructive urinary signs at his 12th BCG instillation. His urine culture and TST were negative. There was no elevated liver enzymes nor pulmonary involvement. He was empirically treated with Levofloxacin 500mg daily for one week. Subsequently, the histology of his last cystoscopy showed a granulomatous inflammation compatible with a BCG infection. This patient was transferred to another institution where he was put on anti-tuberculous treatment (Rifampin 600mg per day Ethambutol 400mg every 8 h and Isoniazid 300mg per day), but his state deteriorated, and he passed away one month later.
Patient 4, a 71-year-old women, had an invasive papillary carcinoma pT2apNxpMx. She was admitted to the intensive care unit because she developed hypotension, fever, acute kidney injury and decreased level of consciousness. She was intubated and put on vasopressors. The patient had already received several BCG instillations (eight instillations) with the last dose received two days before her admission to the intensive care unit. A CT scan of the chest, abdomen and pelvis did not show any sign of infection. A urinary PCR was positive for Mycobacterium bovis. Methylprednisolone 40mg every 8 hours for ten days, Rifampin 600mg per day, Ethambutol 400mg every 8 h and Isoniazid 300mg per day were started. Aplastic anemia and elevated liver enzymes (10 times of normal upper limit) appeared ten days after treatment instauration. Rifampin and Isoniazid were switched to Amikacin (target peak and trough therapeutic levels for amikacin were 15-20 mg/L and <5 mg/L, respectively) and Moxifloxacin 400mg per day. Histology of the bone marrow showed inflammatory granulomas in favor of a disseminated BCG infection. The patient died two weeks after admission due to a cardiac arrest following a confirmed macrophage activation syndrome.
Patient 5 was a 58-year-old man with a low-grade papillary carcinoma pT1pNxpMx. He was admitted to the hospital for chills, fever, irritative urinary symptoms and weight loss. He was icteric. His liver function tests were elevated (4 times upper limit). He had already received several intravesical BCG injections (20 doses). He received his last BCG instillation two weeks before his admission to the hospital. Urine cultures returned negative (ordinary and mycobacterial cultures). PCR on a urine sample was positive for Mycobacterium Bovis. A CT scan of the abdomen and pelvis showed a circumferential parietal thickening of the bladder with infracentimetric retroperitoneal lymph nodes. Chest imaging did not show any abnormality. The patient's liver enzymes improved after intravenous hydration. He was started on Rifampin 600mg per day, Ethambutol 400mg every 8h and Isoniazid 300mg per day, with close liver enzymes monitoring. He received 6 months of antituberculosis therapy, resulting in the resolution of symptoms.
Discussion
Bacillus Calmette-Guérin immunotherapy remains a very important adjuvant therapy following a transurethral resection of a non-muscle- invasive bladder cancer (NMIBC). Its efficacy is well established in decreasing the risk of disease progression and recurrence [13, 14] .
BCG immunotherapy's mechanism of action
The mechanism of action of BCG as an immunotherapeutic agent in cancer is not fully known, but evidence suggests that elaboration of cytokines by T helper cells is the key process [6, 15] . The most recent evidence supports a BCG induced specific tumor immunity in animal models [16, 17] .
Definition of BCG's related severe complications
In one series of Pérez-Jacoiste Asín et al. [10] , a systemic adverse event post BCG instillation has been defined as a specific organ infection post BCG instillation responding to antituberculosis treatment with no alternative diagnosis. According to Pommier et al. [11] , BCG infection was defined as the occurrence of fever without any other etiology, for at least 48 h, and/or at least one organ involvement other than the bladder, that led to discontinuation of BCG therapy. The diagnosis of an organ involvement was established according to the clinical, biological, and radiological abnormalities [11] . In another review article, systemic complications were defined by the presence of fever, chills, hypotension, and progressive multisystem organ failure [12] . This array of definitions highlights the diversity and complexity of these complications following BCG immunotherapy. The definition used in this study is a mixture of the ones used in other studies: it takes into consideration clinical symptoms and biological examinations. However, this definition uses TST which is non standardized test after BCG treatment.
Classification of complications of BCG treatment and toxicity differences between several BCG strains
In spite of its importance, BCG immunotherapy may cause some local or systemic side effects and complications [12] . The most important local side effects are irritative urinary symptoms, cystitis and hematuria [8, 18] . The most serious complication of intravesical BCG immunotherapy is related to disseminated infection. It can range from infection of an organ to severe sepsis [7, 19] . The most frequent systemic adverse events are malaise, fever and lung infection [8, 20] . The overall rate of serious complications is estimated to be less than 5% independently of the BCG preparations or doses used [12] . The reported rate of severe complications post intravesical BCG instillation was 1.5% in this study, which is comparable to the one reported in other studies [12] . The majority of side effects occur within the first year of beginning intravesical BCG [8, 21] .
In this study, the BCG-medac from Germany, RIVM strain was used. The RIVM strain has been associated with more severe, less frequent complications compared to the TICE and Moreau stains [20, 22] . Changing the BCG strain during the course of therapy was also associated with more severe toxicity [20] . The complications encountered in the population of this study were severe urinary tract infections and systemic BCG infection involving the bone marrow.
The cause of the BCG related complications
The exact cause of these BCG related complications remains controversial. Whether due to an hypersensitivity inflammatory reaction [3, 23] or an active infection [24] , both theories have been widely and profoundly discussed in the literature. In patients four and five, we were able to isolate the M. Bovis's DNA by polymerase chain reaction (PCR) technique which favors more the infection rather than the hypersensitivity theory. 
Tuberculin skin test in BCG infections
Tuberculin skin test (TST) diagnostic technique has seldom been evaluated in the diagnosis of BCG treatment related adverse events. No clear threshold has been established for a positive testing in this setting. The standard ten millimeters limit for positivity was applied in this study to emphasize the high risk that BCG related complications may convey. Patient number 1 had a newly positive TST test, fever and severe irritative urinary symptoms which led to the initiation of an empirical anti-tuberculous therapy with subsequent symptoms clearance and patient survival. A history of BCG vaccine or a positive TST should be taken into consideration before interpreting a new TST in a patient suspected of having a BCG related infection. The TST was used in several studies as an additional argument in the diagnosis of BCG related infections [25, 26] . A study comparing TST to interferon-gamma based assay in patients receiving intravesical BCG and exposed to tuberculosis showed that a positive TST was poorly correlated to tuberculosis in BCG patients, and the interferon-gamma based assay was not affected by BCG exposure [27] . Another retrospective study showed that TST was not statistically associated with BCG toxicity [28] . Therefore, more studies are needed to determine the value of TST and interferon-gamma based assay in these populations and careful interpretation of these tests is warranted.
Risk factors and prevention strategies for BCG related infections
Advanced age, cystitis, immunosuppression and the presence of cracks in the urogenital epithelium prior to treatment are known to be risk factors for the development of disseminated infection [3, 10, 29] . Patients 1,2,3 and 5 had a traumatic BCG instillation and were aged between 58 and 84 years old.
Several strategies have been tested to try to prevent the BCG related adverse events. Educating the healthcare professional is as important as educating the patient about these side effects. The healthcare professional should master proper catheterization techniques and BCG should not be instilled before a minimum of 2 weeks following a urinary intervention. Four out of five patients in this study had traumatic instillations, which highlights the importance of applying appropriate intravesical instillation techniques. If gross hematuria and/or urinary tract infection are present, then BCG treatment should be deferred until resolution of these symptoms. Whenever a BCG systemic reaction is suspected, early initiation of antitubercular antibiotics is recommended [30] . Screening for urinary infection nor treating asymptomatic bacteriuria prior to BCG treatment decreased the rate of BCG related infections [31, 32] . None of our patients had a urinalysis prior to the BCG immunotherapy. Isoniazid prophylaxis around the time of BCG instillation did not decrease the incidence of focal nor systemic complications [33, 34] . BCG dose reduction (to one third) did not show a decrease in toxicity compared to the full dose [35] . However, reducing the BCG dwell-time to 30 min could be an alternative to a dose reduction in patients who experience severe side-effects after BCG instillations [36] . Toxicity was reduced when two Ofloxacin doses were given shortly after each BCG instillation (6 h and 18 h after the first urination post instillation) [37] . Prulifloxacin (three capsules of Prulifloxacin 600mg) was also found useful, at least in one study, in decreasing adverse events incidence and improving patients' compliance to therapy [38] . However, no clear recommendation is currently available regarding the use of quinolones to prevent BCG immunotherapy's related adverse events. Traumatic instillation was associated with BCG adverse events in this study. The use of systemic corticosteroids was associated to a worse outcome.
Treatment strategies for BCG infections
No clear recommendations have been implemented to treat intravesical BCG related adverse events [39] . The recommendations available are based on center experiences and no randomized control trials have been conducted due to the rarity of these complications. Treatment usually varies from antipyretics, nonsteroidal anti-inflammatory drugs to antituberculosis therapy and systemic corticosteroids depending on the extent (local versus systemic) and severity of symptoms [30] . Mycobacterium Bovis, used in BCG instillations, is susceptible to the fluoroquinolones and anti-tuberculosis agents except for Pyrazinamide [40] . Local irritative symptoms should only be treated symptomatically and further BCG instillations should be postponed until resolution of symptoms [41] . Patients on BCG immunotherapy who develop high-grade fever (defined as temperature above 39°C) should be admitted to hospital for monitoring of signs of BCG sepsis and BCG immunotherapy should be discontinued [42] . The use of anti-tuberculous drugs, whenever combined with corticosteroids or not, is common for both systemic and local forms of BCG infection. Antituberculosis therapy (Rifampin, isoniazid and ethambutol), in conjunction with steroid therapy, should be started empirically while waiting for further investigation results (such as cultures or histology) [42] . Steroids should be tapered gradually after resolution of symptoms otherwise recurrence of symptoms and granuloma formation can be seen [3, 23] . The duration of antituberculosis therapy varies from two weeks to six months depending on symptoms severity and infected location [43] . This range of treatment duration is reflected in this study. Patient 2 and 4 received steroids and both had unfavorable outcomes.
The decision to resume or discontinue the BCG treatment after a related complication
The decision of cessation of further intravesical BCG immunotherapy after a BCG related complication should be discussed on a case by case basis [8] . Complications should be divided into mild to moderate, severe to generalized and immunologic reactions. For mild to moderate reactions, the treatment can be restarted after symptom resolution. For severe or generalized reactions, restarting the instillations should be evaluated according to the risk-benefit ratio with a possible reduction of BCG dosage. For allergic reactions, a close monitoring of the patient during the first hours following instillations should be performed [44] .
Limitations and strengths of the study
This study has several limitations. The data reported is heterogenous and retrospective. No standardized diagnostic tools were used, mainly due to their unavailability in the literature. This study lacks long term complications follow up.
Nonetheless, this study reported five cases of BCG related severe complications, which are rare. No randomized trials, nor prospective studies have been done on this subject because of its rarity and difficulty to diagnose. There are no clear guidelines or recommendations on how to diagnose, manage and treat these BCG related complications.
New treatment models for NMIBC
Optimization of BCG therapy is under way to improve response to therapy and decrease its side effects and complications. Several ongoing clinical trials are currently in progress to combine BCG therapy for NMIBC with other agent: immuno-modulators, recombinant cytokines or recombinant BCG strains. We are in the middle of a discovery phase of novel immunotherapeutic approaches that may improve BCG therapy and the outcomes for patients with NMIBC [45, 46] . Some studies found that having a BCG-specific T-cell immunity before induction of BCG treatment may improve patient outcomes following BCG therapy [47, 48] , but these results have been contradicted in a recent article [28] . An ongoing trial (NCT03091660) to test this hypothesis and to compare Tokyo-172 BCG and TICE strains in terms of time to high-grade recurrence is underway [49] .
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Several ongoing trials are being conducted to assess the impact of checkpoint inhibitors in combination with BCG in NMIBC, including the non-responders to the BCG treatment alone (NCT02451423, NCT02625961, NCT02792192, NCT02324582, and NCT02808143) [17] . Immunomodulators combined with BCG therapy are also being studied (NCT03317158, NCT03022825, NCT02015104, NCT02808143, NCT02792192, NCT02324582) [17] .
Conclusion
Despite its frequent use, BCG immunotherapy's mechanism of action and complications remain controversial. Disseminated BCG infection is a rare, but potentially fatal complication of intravesical BCG therapy for NMIBC. To our knowledge, no standardized or recommended approach is available to readily diagnose such events. Tuberculin skin test evaluation deserves further analysis to better mark its diagnostic implication in these conditions.
Health care professionals must have a high index of suspicion in patients treated with intravesical BCG. A standardized diagnostic and treatment approach should be implemented to help physicians tackle these life-threatening complications.
Optimizing BCG immunotherapies is to be expected in near future, decreasing its side effects and improving its efficacy. 
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